Knowledge of arsenic background concentrations in urban soils is important for making remediation decisions. The soil cleanup target level (SCTL) for arsenic in Florida lies within the range of arsenic background concentrations. The residential SCTL is also near the practical quanti®cation limits using analytical procedures. Currently no standard protocols are available for determining arsenic background concentrations in urban soils, apart from site-speci®c cases. Therefore, a pilot study was conducted to develop and employ appropriate protocols to determine arsenic distribution in urban soils. This involved: site selection (e.g. size and sampling frame), sample collection (e.g. sampling technique), and statistical considerations (e.g. design). Factors such as ease of sample collection and maintaining anonymity of private properties were also considered as they in¯uence the successful implementation of the study. Forty surface soil samples each were collected from ®ve categories in three land use classes (residential-yard and right-of-way, commercial and public land-parks and public building), digested using EPA method 3051a and analysed using graphite furnace atomic absorption spectrometry. Experiences from the pilot study (e.g. complications during sample selection, digestion, data censoring etc.) were used in the development of the ®nal protocol to be used in determining the distribution of arsenic in urban areas.
Knowing background concentrations of arsenic in urban soils provides a yardstick against which the impacts of human activity can be measured. Background concentrations of arsenic in relatively undisturbed Florida soils are established and they vary from 0.01 to 61.1 mg/kg, with a geometric mean (GM) of 0.27 mg/kg . Typical soil arsenic concentrations range between 0.1 and 40 mg/kg worldwide, with an arithmetic mean concentration of 5±6 mg/kg (Kabata-Pendias and Pendias, 1992) . However, little information is available on arsenic background concentrations in urban soils.
Urban soils, created and/or modi®ed in the process of urbanization, are complex and heterogeneous in their structure and composition (Craul, 1985; Davies, Watt and Thornton, 1987) . In contrast to natural agents such as wind, water, ice, gravity and heat, human activity is the predominant active agent in the modi®cation of these soils (Barrett, 1987) . There is a higher probability of historic anthropogenic contamination, vertical mixing during development, use of ®ll from dierent geologic areas, deposition and/or contributions from the use of pesticides or amendments from other sources in urban soils than in undeveloped areas (Craul, 1985; Thornton, 1987) .
Arsenic concentrations in urban areas vary considerably over short distances, but the collection of a large number of samples to overcome this problem is prohibitive both in terms of expense and time. The extent of anthropogenic in¯uence on soil arsenic concentrations depends on both current and previous land use in most urban areas. For example, the impacts of heavy construction in many commercial areas and intensive management in``golf greens'' on soil arsenic concentrations are higher than that of relatively undeveloped areas such as parks. Hence the dierences in land use can serve as the basis for strati®cation when determining arsenic background concentrations in urban areas. Strati®cation is a word that is used extensively by both geologists and statisticians. Statisticians commonly use it to refer to the division of a statistical population into groups or blocks by any basis (i.e. samples from one stratum have at least one common characteristic). Geologists, on the other hand, use the term to refer to the arrangement of rocks (e.g. sedimentary rocks) in layers. In this manuscript, the word strata will be used to refer to blocks of samples that have at least one common characteristic among them. While the dierences between arsenic concentrations among these land uses may not be signi®cant in smaller cities like Gainesville, they are expected to be signi®cant in larger metropolitan areas such as Miami. In smaller cities, the dierences between land use categories (e.g. residential and commercial areas) in terms of general human disturbance, e.g. construction, is much lower than that in larger and more developed cities.
Assessment of elemental concentrations in urban areas facilitates the distinction of natural from anthropogenic background levels, and the distinction of natural and anthropogenic background levels from those of impacted (contaminated) areas. Most published protocols deal with site-speci®c background concentrations for known polluted sites on a small scale (Breckenbridge and Crockett, 1995) . However, there are signi®cant dierences between site-speci®c determinations and non-site speci®c determinations which make it dicult to adapt standardized soil sampling procedures from site-speci®c determinations to studies done on a regional scale, i.e. large scale.
Various researchers have carried out studies on baseline concentrations of trace metals using dierent methods (Schwar et al., 1988; Tiller, 1992; Brinkmann, 1994; Brinkmann and Ryan, 1997; Fields et al., 1993; Thornton, 1987; Kaminski and Landsberger, 2000) . For example, Chen et al. (1996) sampled surface soils (0±5 cm) from representative areas (2±3 composites comprised of eight sub-samples) in their assessment study of trace metal distribution and contamination in surface soils of Hong Kong. Samples close to sitespeci®c pollution sources (e.g. land®lls, refuse stations, industrial plants, gasoline stations etc.) were excluded except in urban areas where soils were generally sampled from the roadside. In their study of heavy metal contamination in Bangkok, Wilcke et al. (1997) sampled 15 soils (0±5 cm) in the metropolitan Bangkok area along a transect (at 2-km intervals) using a tolerance of about 100 m around selected sampling points. Fields et al. (1993) collected two to six samples per county in their study of selected soil contaminants at background locations in New Jersey, U.S.A. Samples collected from suburban areas were taken from areas with a moderate amount of human activity (e.g. parks). Urban samples were taken from parks, densely populated areas and other developed areas of the state. Kaminski and Landsberger (2001) sampled primarily the top 8 cm but also collected samples at lower depths at some sites. did a more comprehensive study, analysing over 440 archived surface soils in Florida, but they did not consider urban or suburban soils. In a study of natural background soil metal concentrations in Washington State, U.S.A. Juan (1994) collected only 60 samples from 12 main geologic and urban regions. McGrath (1986) was more thorough in his sampling protocol to determine the range of metal concentrations in topsoils of England and Wales. Soil samples in the top 15 cm were collected on a regular 5-km grid over England and Wales. A 2.5-cm-diameter auger was used to take 25 cores at 4-m intervals on a 20 Â 20 m grid centered on a coordinate ( from the National Grid) for a composite sample. This type of study requires a tremendous amount of resources that is not commonly available to most researchers. Nonetheless, these studies revealed the diversity of ideas and methods for studying background concentrations of trace elements and the need for de®nitive protocols to facilitate comparison of results.
This protocol, developed and tested in Gainesville, Florida, seeks to balance a workable number of samples with acceptable spatial resolution in an attempt to address this apparent de®ciency. The protocol development study was divided into a literature review phase, the implementation of known methods in a pilot study, and a re®nement phase. The main objectives of the study were to (1) develop a sampling and analysis protocol for determining arsenic background concentrations in urban soils; and (2) test the ecacy of sampling based on three land uses to adequately describe background soil concentrations in a diverse urban environment. The ®nal product details speci®c procedures to collect representatives samples to provide data of known precision and accuracy on arsenic background concentrations in urban soils. The factors considered in developing this protocol and how they in¯uenced the ®nal product are outlined at each step of the study. Thus, the study is presented as a``how-to manual'' with speci®c reference to the experiences from the Gainesville pilot study in all relevant sections.
Methodology
The sampling protocol developed from the Gainesville pilot study and the experiences that in¯uenced the ®nal product are discussed in this section. Careful attention was paid on the practicability, cost and ability of the ®nal product to answer speci®c research questions. The draft technical guidance tile``Determination of natural background concentrations of contaminants'' prepared by Dade County of Florida was used as a guideline for sampling because guidelines for background concentrations of urban soils are not yet available. Recommendations from a technical report on soil sampling for contamination assessment prepared by the Center for Environmental and Human Toxicology at the University of Florida (Halmes et al., 1998) and various researchers working in association with the Florida Department of Environmental Protection (FDEP) were also considered. An important consideration in this study was the randomization procedure. Data analysis in background studies depends on the type of population distribution. Hence, care was taken to avoid experimenter induced skewness, multiple populations, or an excessive number of outliers so that the nature of the population distribution can only be explained by its intrinsic characteristics and not the experimental design.
Sampling site selection
As de®ned by the U.S. Census Bureau (1997) , an urbanized area comprises one or more central places and adjacent densely settled surroundings (urban fringe) that together have a minimum of 50,000 people. The urban fringe generally consists of contiguous territory having a density of at least 1000 people per square mile (256 ha). Using this de®nition, the city of Gainesville is considered an urbanized area.
1. Development of the Sampling Frame. The ®rst step in determining arsenic background concentrations in urban soils is to de®ne the sampling frame. Accurate current and historical (digital and print) maps, satellite images, relevant aerial photos and associated background information represent the best and most ecient means of making this determination. While these readily-available maps and images are very useful, it is important to check their accuracy against the latest maps or through actual visits to selected locations (ground-truth assessment). It was discovered that even the most recent maps were inaccurate or misleading about 5% of the time in the Gainesville pilot study.
The complex nature of urban soils has to be taken into account when assessing arsenic levels in urban soils (Brinkmann, 1997) . Intensive human activity signi®-cantly alters the original native soils, making it dicult to describe these soils using typical soil classi®cation schemes. Knowing current and previous land use history of sampling sites is critical in order to obtain a representative soil sample for the determination of true urban background concentrations. Natural areas such as parks and nature preserves in urban settings rarely represent totally undisturbed soils, hence they were included in determining background levels of arsenic in urban soils. On the other hand, it is appropriate to exclude certain areas. A signi®cant feature in many urban landscapes is the occurrence of sites contaminated as a result of speci®c commercial, recreational (e.g. golf courses), or industrial (e.g. battery manufacturing) activity. For the purposes of this study it was concluded that such sites should be avoided since they do not re¯ect``the true background concentrations'' but rather point source contamination. This was incorporated into our sample collection strategy by developing speci®c criteria for exclusion. These exclusion criteria were applied within a temporal limit of the previous 30 years of land use changes in order to maintain a reasonable budget. This time-frame was chosen because it is important to understand the land use changes that have taken place before and after most environmental regulations came into eect after 1975.
All the critical distances proposed in the protocol were revised after going through the Gainesville pilot study in order to better re¯ect the actual reality in most urban areas. In general, not all sample sites had sucient area within the public utility right-of-way to collect a sample that meets all the predetermined criteria. The presence of CCA-treated wood poles and fences within and close to the right-of-way in most areas also led to problems in selecting sample plugs within a sample site.
Strati®cation. The sampling frame resulting from
Step 1 still included areas with dierent levels of arsenic. To improve the precision of the overall sample distribution and gain insight into the distribution characteristics of arsenic in dierent land use categories, the sampling frame was strati®ed. Strati®ed random sampling based on three land uses, residential (yards and right-of-way), non-industrial commercial and public land ( public parks, and public buildings) was selected as the most appropriate sampling strategy. These three land uses were chosen because they represent the largest proportion of area in most urban areas. For residential areas, samples were split into two categories, yard and public utility right-of-way samples. The rationale for splitting residential areas was to determine if right-of-way samples could be used to represent yard samples. Section 5 discusses this in more detail. Samples from public land were split into two categories, public parks and public buildings and/or properties because samples from public buildings were expected to be dierent from those from parks, which are relatively less impacted by construction.
The type of strati®cation described here has the potential to provide more homogenous sub-populations of background arsenic concentrations and provide data sets with smaller variance than if simple random sampling is used. In other words, strati®cation has the potential to provide a better estimation of overall urban average concentrations with higher con®dence compared to what would be obtained in a simple random sample. It is important to note that the total area divided among the four categories and the excluded areas are urban-area speci®c. The relative proportion of area should be used as mixing weight when the individual strata distributions for each land use category are eventually combined to produce an overall urban concentration distribution of arsenic.
3. Number of samples per land-use type. The number of soil samples needed depends on the overall precision speci®ed in the study objectives. Precision is typically speci®ed for the mean or average concentration level, and several methods are available for setting sample size based on target precision and associated con®-dence level exist.
For the Gainesville pilot study, the number of samples collected was based on soil heterogeneity and determined using the following equation:
where N is the number of samples, S is the estimated standard deviation of the arithmetic mean of all single values (in our case, S was calculated from the 25 samples collected from the University of Florida campus), t a is the Student t-value for a given con®dence interval (1.96 for the 95% con®dence interval) and R is the accepted variability in mean estimation (usually 10-20% depending on the scale and budget of project). A value of 20% was used in our case and the minimum number of samples needed for Gainesville was determined to be 130.
Forty samples were collected from each category (i.e. right-of-way, yards, public buildings, public parks and commercial areas), resulting in a total of 200 samples. One out of every ®ve samples taken from each category was duplicated, bringing the total number of samples to 240.
It was later determined at the end of the pilot study that the focus of such background studies should produce a good estimate of the overall concentration distribution in each stratum without primarily focusing on the central tendency of each stratum. Therefore the precision target would be set on an upper percentile of the concentration distribution. This assures that the body of the distribution would be well represented while at the same time assuring a high probability that the tail of the distribution would be represented as well. Conover (1980) described a method for calculating the minimum number of samples needed for a given percentile of a distribution to be exceeded by the maximum observed sample value with a given con®-dence level for environmental samples. For example, the sample size needed to assure exceedence of the upper 95th percentile with 95% con®dence is 59, while the sample size needed for exceedence of the 75th percentile is 11. These sample sizes would need to be applied to each stratum to assure adequate estimation of the stratum distribution. Based on these computations, it was recommended that 60 randomly-selected samples be obtained in each urban area stratum for future studies, yielding a total of 240 samples from four categories per city. Based on our study, no signi®cant dierence was observed in arsenic concentrations between soils in residential-yard and residential-rightof-way, thus the latter was used to represent residential soil, reducing land use categories to four.
4. Site selection. Initially the area should be strati®ed into the four strata previously de®ned, i.e. residential areas (right-of-way next to yards), commercial (rightof-way close to businesses), and public land ( public parks and public buildings), and random sampling sites selected. In practice, the random site selection should be done for 60 sites within each stratum with an additional six (or 10%) samples added in each stratum to provide alternative sampling sites to selected areas where samples cannot be collected due to exclusion criteria or other unforeseen circumstances. The same procedure was used in the pilot study except that 40 samples were selected from each category (in each case 44 sites, i.e. 40 10%).
5. Obtaining permission to collect soil samples. A signi®-cant fraction of the areas that were selected for sampling in the residential and commercial areas were private property. Thus prior to sample collection, permission from the property owner was obtained. In the Gainesville pilot study, approximately 65% of commercialproperty owners and 15% of residential property owners denied permission to sample. Since the results from Gainesville suggested that there was no signi®cant dierence in arsenic concentrations between samples from residential yards and right-of-way, it may be acceptable to take soil samples in the public right-of-way. Subsequent discussions with other researchers revealed that the relationship between residential right-of-way and yard samples may not be consistent among cities.
Right-of-way v. yard sample. As stated earlier, the rationale for splitting residential areas was to determine if right-of-way samples could be used to represent yard samples. Commercial right of way samples were also compared with samples collected adjacent to businesses. Collecting samples from the right-of-way is time-ecient and easier since no permission from property owners is required. It is very dicult to obtain permission from private (residential and commercial) property owners due to the liability issues that may arise if high concentrations of arsenic are discovered. This is particularly true in Florida where the``Sunshine laws'' require the disclosure of results for areas where concentrations of arsenic are higher than the SCTL. However, sampling from the public utility right-of-way often leads to the revision of the exclusion criteria used in deciding which areas are suitable for sample collection (e.g. sampling from close to roadways). Nonetheless, right-of-way sampling is proposed here because it eliminates some of the complications arising from sampling from private yards, hence simplifying the sample collection process.
6. Sample collection. At the sampling site, the soil sample was collected using an Arts Manufacturing Supply (AMS) stainless steel soil recovery probe having diameter of 2.5 cm (Forestry Supplies Inc. Jackson, MS, U.S.A.). A probe with such a small diameter minimized soil disturbance associated with sampling, in some cases facilitating obtaining permission for sampling. A mallet was used to drive the probe into the soil to the speci®ed depth and the probe was pulled out by hand. Three plugs, located within half a meter of each other in a triangular pattern, were collected and composited at each site. Potting soil and/or plugs were used to ®ll any holes created during sampling. Properly labeled soil samples were stored in an ice chest prior to being transported back to the laboratory for analysis.
Soil sampling followed current state regulations (FDEP, 1999) that require soil samples to be taken to a depth of two feet or 60 cm (wherever possible). Each core sample was split into three sub-samples depending on depth; 0±20 cm, 20±40 cm, and 40±60 cm and the three cores were composited for each depth. These sampling depths were maintained throughout the study except in areas where distinct discontinuities were observed within a given 20-cm interval. In such cases, the samples within the 20-cm interval were split into two or more samples depending on the nature of discontinuities. Some sites, especially in the commercial areas, had extremely hard subsurfaces, a condition which was exacerbated by the spring/early summer drought of 2000. Thus, only the top 20 cm of soil (or the accessible depth) were collected from these sites. The sampling depths were later re®ned to 0±10, 10±30, and 30±60 cm so that the surface samples would better re¯ect the conditions at the surface without mixing or including too much subsurface soil. Data from the 1± 30 and 30±60 cm depth would be composited later (using simple proportion) with surface soil (0±10 cm) data for comparison with State regulations. Dierent states have dierent regulations pertaining to sampling depth and appropriate adjustments are recommended in these cases. However, it is recommended that the top 10 cm of soil be taken separately as these represent the soil to which land life is continuously exposed.
The precision of our sampling technique was checked by collecting duplicates every ®fth sample. Location information (including the logging of positions using GPS) was taken at the time of sampling to avoid misrepresenting the sample locations. The values logged using the GPS receiver had a unique identi®er that allowed only the sample collectors to identify the sites. This was done to maintain the anonymity of the sample locations.
Speci®c exclusion criteria were applied and dierent adaptation techniques were used in each land use during sampling (Appendix 1). For example, most of the commercial areas are covered by paved surfaces. Samples were collected from the exposed soil surfaces to determine the impact of these developments on soil arsenic levels. However, most of the soils in these areas are actually potting soils from commercial sources. Exposure to humans in these areas may not be a major issue as most of the surface is covered. In all cases, contingency plans were in place in the event that permission to sample was denied. In cases where permission was denied or sampling could not be done for other reasons, samples were collected from the right-handside of the properties as the ®rst option (unless they were at the end of the street, in which case samples were collected on the left-hand side). Permission was sought in the same way for all alternate sites.
A data collection sheet was used during sampling to detail the location, longitude and latitude, age and history of the site, vegetation, and presence and distance to chromated copper arsenic (CCA) treated poles and fences. All samples were coded so that only the principal investigators would be able to identify the location of any given property. This was done by having dierent labels on the sample collection sheets and bags for each sample. A separate ®le that related to two sets of labels was kept in a discrete place.
Sample digestion and analyses.
It is important to follow an approved QA/QC plan from the beginning of the study. In Florida, there are set protocols (approved by FDEP) that must be followed in order to produce acceptable data for these types of analyses. In general, quality assurance procedures start at the beginning of the study during the selection of ®eld samples and continue into the laboratory. Standard laboratory procedures included spikes, blanks, duplicates and standard reference materials representing approximately 20% of total samples in the pilot study. An approved QA/QC plan was also used . All samples were air-dried, passed through a 2-mm sieve, and digested using USEPA method 3051a (comparable to USEPA method 3050, the hotplate digestion method). In summary, 0.5-g soil samples were digested with double acid (9 mL conc. HNO 3 and 3 mL conc. HCl) in a CEM MDS-2000 microwave sample preparation system (CEM, Matthews, NC, U.S.A.). The resulting solution was ®ltered through a Whatman No. 42 ®lter paper and diluted to 100 mL. Concentrations of arsenic in the digestates were determined using a SIMAA 6000 graphite furnace atomic absorption spectrophotometer (GFAAS, Perkin Elmer, Norwalk, CT, U.S.A.). In addition, soil properties that have been shown to aect arsenic concentrations ( pH, clay content, total organic carbon, and total Fe and Al) were measured. Spike recovery, R, was used to determine matrix eects. It was calculated as: R x s À xax s 100% where x s is the measured concentration of the spiked reference sample, and x is the concentration of the soil sample. Batches in which spike recovery varied by more than +10% from the target were redigested and reanalysed.
Due to low concentrations of arsenic and the sandy nature of the soils in the study area, the proposed weight of soil to be used in the digestion procedure was adjusted from 0.5 to 1 g for future studies to reduce the number of samples falling below the method detection limit. It is also proposed that, apart from the standard QA/QC protocols, ®ve samples each of high and low arsenic concentrations be sent to an independent laboratory for analyses for inter-laboratory comparison.
Accuracy was assessed by comparing the measured concentration (x s ) of the reference standard material to its known value (x t ) and computed on a relative basis as follows [x s À x t ax t ]100%. Batches of samples for which the dierence between the measured concentration of the standard reference material and its known value were greater than +20% were redigested and reanalysed.
The precision in measurements was assessed using the coecient of variation (CV), which is de®ned as the standard deviation divided by the mean. The relative percentage dierence (RPD) between duplicate samples, which was computed as: RPD 2x 1 À x 2 a x 1 x 2 100%, may also be used (USEPA, 1986) and this value was set not to exceed +20%.
The instrument detection limit (IDL) of the instrument used in the analyses was determined as three times the standard deviation of 20 method blanks. The method detection limit (MDL) was determined as three times the standard deviation of seven samples that have concentrations approximately, four times higher than the method blanks. Breckenridge and Crockett (1995) give a good discussion on this topic. It is anticipated that the adjustments that were proposed in the weight of soil used in the digestion step and an increase in the AA autosampler injection volumes would reduce the number of samples that fall below the MDL. A more detailed discussion on how these samples were censored is done by Portier (2001).
8. Computer processing. Numerous software applications are available for statistical analyses. The most commonly used and most powerful for our purposes is the Statistical Analysis Software (SAS 1 , 2000) . The latest version of SAS 1 (Version 8) allows the user to do QQ plots, perform tests for normality, perform transformation and carry out both parametric and non-parametric analyses. The generalized linear model (GLM) was used in preference to the analysis of variance (ANOVA) procedure to account for the unequal number of samples within each class and QQ (quantile quantile) plots in SAS were used to eliminate outliers from our sample population. The tests for normality of both transformed and untransformed data were carried out using the Shapiro±Wilks test.
Based on the geometric mean (GM) arsenic concentrations, the 95th percentile concentration (95% of all data fall below this value) and the 95% upper con®dent level (UCL) of mean (the GM mean concentration falls within this range 95% of the time) for each land use were calculated. These values were compared to those of relatively undisturbed soils obtained in a previous study (Ma, Tau and Harris, 1997; . The 95th percentile and 95% UCL were determined in this study because these values can be used as references in determining whether soil arsenic concentrations are likely to be enriched or not.
Various software are also available for spatial analyses and the most popular in this category is Arcview 1 (ESRI 1 , Broadlands, CA, U.S.A.), which complements very well with the very powerful ArcInfo 1 , another ESRI 1 package. Version 3.2 of Arcview 1 allows the user to do spatial analyses of the variances to determine the relationship between the variation of variance and other layers of spatial attributes. Another software package is usually required to transform the logged positions on the GPS unit into spatial data readable by Arcview 1 or the spatial analysis software of your choice. This usually depends on the make and model of the GPS receiver used (e.g. Trimble Path®nder 1 ).
Results and Discussion
In general, sampling methods (based on objectives) and sample distribution (measured by skewness) determine how the background concentrations are calculated. For normally distributed discrete samples, the background level is calculated using arithmetic mean (AM) of the distribution plus two standard deviations (Halmes et al., 1998) . The concentration obtained using this method (mean 2) is equivalent to the 95th percentile of the samples. The data in our case were lognormally distributed. In such cases, the 95% upper con®dence limit (UCL) of the mean (n 200) is calculated using the H-statistic from equation 2:
where m y is the arithmetic mean of the log-transformed data, d is the standard deviation of the log-transformed data, n is the number of samples, H 1Àa and H a are the H-statistics for the upper con®dence limits. The UCL depends on m y , n and the chosen con®dence limit (Gilbert, 1987) . Singh, Singh and Engelhardt (1997) provide an excellent discussion on the treatment of environmental data from lognormal distributions using non-parametric statistical procedures. They compared ®ve methods (Jackknife, Bootstrap, Central Limit Theorem, Chebychev Theorem and the H-statistic) of estimating the UCL and concluded that when the sample size was large (n 4 100), all methods produced similar results. For smaller sample sizes such as the sizes of our individual strata (n 40), they recommended the use of the Jackknife, Bootstrap or the Central Limit Theorem to estimate the UCL because the other two methods (the Chebychev and H-statistic) tend to overestimate the UCL. The Jackknife and Bootstrap procedures as discussed by Efron (1982) and Miller (1974) are recommended for studies similar to the current study. Both methods do not require assumptions about the distribution (they work for both normal and lognormal distributions).
Results from the Gainesville pilot study
The summary statistics for arsenic concentrations in Gainesville soils in the ®ve strata analysed are summarized in Table 1 and the general distribution and cumulative frequency curves are shown in Figures 1 and 2 . The kurtosis (relative peakedness or ¯atness of a distribution compared with the normal distribution) of the data sets were all positive, with distributions from residential areas (both yard and right-of-way samples) showing a tendency towards atness (Table 1) . The skewness of the data sets, the degree of asymmetry of a distribution around its mean, were all positive indicating that all our distributions had asymmetric tails extending toward more positive values ( positively skewed). This is not expected in background concentrations of trace element studies (Gilbert, 1987) , thus the GM and GSD were used in all subsequent calculations of the UCL and 95th percentile.
Results from Gainesville suggest that right-of-way samples can be used in place of yard samples (Figure 3) . However, dierent cities may not exhibit the same pattern. Right-of-way samples are recommended because they are not only more practicable and easier to sample, but are also equally representative of residential areas (spatially). There were a few outliers in the public building [ four values (107, 79, 37 and 36 mg/kg As, Figure 1(a) )] and commercial area strata [one value (656 mg/kg As, Figure 1(a) )], which were excluded from the mean computations. Outliers (in our case, areas suspected to have high concentrations due to contamination) were excluded because they would have shifted the mean upwards, exaggerating the variation, con®dence limits and 95th percentile of the population. The methods for identifying outliers are mostly statistical (e.g. Shapiro±Wilks test or QQ plots, Figure 4 ), but there are often other factors, including site history, that could be used in determining whether a site should be considered an outlier or representative sample. Portier (2001) discusses various methods of censoring values both on the high end (outliers) and on the lower end (below MDL).
An average of $27% (Table 1 ) of the total samples from Gainesville were above the Florida SCTL of 0.8 mg/kg although 90% of these samples were below 1.4 mg/kg (Figure 1(c) ). Only 3% of all samples (67% of these samples came from the commercial areas) were above the SCTL of 3.7 mg/kg for commercial areas. An important lesson from the pilot study was the presence of a large fraction of samples lying below the MDL ($40%). This led to the revision of the sample weight that was used in the digestion step. While this will not guarantee the complete elimination of below-MDL samples, it will de®nitely reduce the number of samples that fall below the MDL.
Interpretation considerations
Portier (2001) describe widely distributed chemicals present in the environment due to non-point sources. It is impossible to establish directly the natural background concentrations of arsenic in today's environment since all soils in the urban environment are in¯uenced by human activities to some extent. How this distribution is estimated will depend on a number of factors, not least of which is the fraction of samples that occur below MDL. In addition, we need to discuss how the distributions constructed for the strata are combined into an overall distribution that re¯ects the relative fraction of total urban area represented by each stratum. The approach to estimate the distribution characteristics of background arsenic concentrations is to ®rst approximate the probability density function of the concentration by applying a non-parametric density estimate to the observed data. This smooth estimate of the density function allows us to identify where the bulk of the background distribution lies as well as examine how below MDL values aect the distribution. In addition, we can look at the distribution to determine if the observed concentration values might have come from a site that we would classify, in retrospect, as suspected of enrichment with arsenic. This primarily graphical view of the density curve provides useful guidance as to how the data might be censored prior to using censored data estimation techniques to ®t a formal parametric distribution function, normal to logtransformed concentrations. This ®nal ®tted parametric distribution function is the best estimate of arsenic background concentration distribution. Details of this approach, with graphical support for the discussion, follow.
Estimating a distribution function In theory, if we have a set of concentration values, say X 1 , X 2 , . . . , X n , collected at random from the same population, a rough estimate of the density of the distribution is given by a histogram. Given an origin X 0 and a positive width h, we de®ne the histogram intervals to be the partition of [X 0 mh, X 0 (m 1)h) for positive integers m 1, 2, 3 . . . The histogram is de®ned by: fx 1 mh noX of X i in same int as x 3
A histogram for data from the Gainesville pilot study is given in Figure 5 . Another way of writing the histogram function is to represent it as a weighted average of observed data within some distance h of the x for which the density is to be computed. Thus eqn (3) can be rewritten as: This essentially constructs intervals of width 2h, assigns weight (2nh) À1 to each observation, then sums up each observation that is within h units of x.
A histogram is a naõÈ ve estimator of the probability density function of a continuous random variable. A better estimator is obtained by replacing the weight (or Kernel) function in eqn (5) with a smoother function that is de®ned for the complete range of x. In this way the resulting curve looks like the smooth of the histogram as presented by the smooth line in Figure 5 . The constant h can be adjusted to produce very smooth to very rough density estimates hence it is called the smoothing parameter (also with references to time series analysis from which these techniques derive, h is also referred to as the bandwidth of the smoothing function). This smooth density estimate is sometimes called a non-parametric estimate. The choice of the smoothing function, w(x) is typically not that important. For illustrative purposes, a Gaussian function is used.
The smoothed density curve illustrated in Figure 5 is typical of what we can expect from the data resulting from the sample survey proposed here for the following reasons. Conceptually we can envision the urban arsenic population as a mixture of three populations. Centered more to the left on the scale of arsenic concentrations is the natural background population. These are areas that, for what ever reason, have been little aected by the activities of humans and hence display very low concentration levels. Unfortunately (or fortunately) these levels are often so low as to be below the MDL for the techniques typically used to measure arsenic in soil. This equipment-induced left censoring of the distribution makes it very dicult to get a good estimate of the natural background distribution.
On the right side of the scale of arsenic concentrations are values from areas that have been enriched ( potentially contaminated) beyond background levels. While the sampling study has been designed to avoid such sites as much as possible, there is no avoiding the fact that we do not and cannot know of all these sites, hence there is always a positive probability of observing high concentration levels in the smoothed distribution. Since we go to a lot of trouble to keep these sites from being sampled, there would only be a few such data points in the observed data, hence it would be very dicult to estimate this distribution with any precision.
Of direct interest in this study are the arsenic concentration values that are in the``middle'' of the distribution. Because of the study design, these values should be represented by the middle mode of the distribution. By de®nition, we will call this middle distribution the``distribution of anthropogenic arsenic concentrations'' for the urban environment. The diculty is determining where this middle part begins and ends. On its left side, the anthropogenic values are mixed with the upper range of the natural background distribution. On its right side, the anthropogenic values mix with the lower range of the enriched population. If these three populations were to be sampled in equal proportions, the conceptual underlying distributions and the observed data distribution would be like that presented in Figure 6 (a). As the fraction of anthropogenic to natural and enriched samples increases, the distribution becomes more like that in Figure 6(b) .
The statistical goal in this study is how to get a good quality estimate of the anthropogenic distribution from a sample``contaminated'' with natural and enriched data. The approach we propose is discussed by Portier (2001) and includes the following:
( 
Summary
The results form this study help us understand the expected distribution of arsenic in other small cities that are on the same type of geological material as Gainesville and have limited sources of contamination. Although these results may not be used to predict arsenic concentrations likely to be found in Miami or other big cities, the experience of going through the tasks for this study helped in developing a protocol that can be used in carrying out other background studied in cities of dierent sizes and locations. Although the methods presented in the proposed protocol are dependent on the objectives of the background study in question, the protocol can be easily modi®ed to accommodate dierent objectives. The improvement in accuracy of digital data and the rapid development of GIS techniques of both digital and non-digital data will make it easier to characterize sampling sites more eciently and add to the reliability of the results. In the meantime, careful search of records should be done so that meaningful inferences that are not in¯uenced by unknown site history, can be made about the distribution characteristics of arsenic concentrations in urban areas.
